Introduction
============

Ovarian cancer is one of the most common malignant tumors in female genital organs, and also one of the types of tumor with high incidence rate among females ([@b1-ol-0-0-10117]). Statistics show that there are more than 300,000 new ovarian cancer cases worldwide in 2016, an increase of about six times compared with a decade ago ([@b2-ol-0-0-10117],[@b3-ol-0-0-10117]). There are some data showing that the younger trend of the incidence of ovarian cancer is becoming increasingly obvious, and patients with ovarian cancer aged under 40 years accounts for about 25.63% at present ([@b4-ol-0-0-10117]). It is expected to be the malignant tumor with the highest incidence in gynaecological diseases by 2030 ([@b5-ol-0-0-10117]). Ovarian cancer not only has an extremely high incidence, but also poses a huge threat to the lives of women. The mortality rate within 5 years of ovarian cancer is 72.8%, being the gynaecological disease with the highest mortality rate ([@b6-ol-0-0-10117]). In the face of this great threat, ovarian cancer has always been one of the most studied diseases in clinic. With the development of modern medical technology, the 5-year survival rate can be increased to \>70% if timely treatment can be carried out in the early stage ([@b7-ol-0-0-10117],[@b8-ol-0-0-10117]). However, as the pathogenesis of ovarian cancer is not clear, the current diagnosis of ovarian cancer still needs to be checked by cancer markers and imaging methods, which causes great limitations ([@b9-ol-0-0-10117]). In recent years, scholars worldwide have begun to focus on the gene with the deepening of research. MicroRNA (miR or miRNA), a conserved non-coding RNA that can horizontally regulate gene expression after transcription has been proven to be closely related to the occurrence and development of human tumor diseases ([@b10-ol-0-0-10117]--[@b12-ol-0-0-10117]). miR-26b is a tumor suppressor gene which has been proven to be downregulated in breast cancer and gastric cancer ([@b13-ol-0-0-10117],[@b14-ol-0-0-10117]), but its role in ovarian cancer is not clear. Therefore, in this study, miR-26b was also suspected to have abnormal expression in ovarian cancer and to be closely related to the occurrence and development of ovarian cancer, and experimental analysis was conducted to verify our conjecture, and to provide reference and guidance for clinical diagnosis and treatment of ovarian cancer in the future.

Patients and methods
====================

### General information

A total of 74 patients with ovarian cancer and 30 patients with benign ovarian tumors in the Affiliated Hospital of Inner Mongolia Medical University (Hohhot, China) from July 2011 to June 2013 were retrospectively analyzed. All patients were aged 36 to 64 years and with an average age of 48.24±10.27 years. Among the patients with ovarian cancer, there were 19 cases with well differentiation, 24 cases with moderate differentiation and 31 cases with poor differentiation; 49 cases with serous ovarian cancer, 25 cases with non-serous ovarian cancer; 27 cases with lymph node metastasis and 47 cases without lymph node metastasis; 12 cases in stage I of pathological stage, 20 cases in stage II, 34 cases in stage III and 8 cases in stage IV. This experiment was approved by the Ethics Committee of the Affiliated Hospital of Inner Mongolia Medical University, and all the above subjects signed the informed consent.

### Inclusion and exclusion criteria

Inclusion criteria: i) All patients\' clinical symptoms were in accordance with the diagnostic guidelines for ovarian cancer in 2011 ([@b15-ol-0-0-10117]); ii) Patients diagnosed as ovarian cancer and benign epithelial ovarian tumor by biopsy in the Affiliated Hospital of Inner Mongolia Medical University; iii) Patients aged 30 to 65 years; iv) Patients with complete pathological data; and v) Patients who cooperated with the work arrangement of our medical staff. Exclusion criteria: i) Patients with other tumors; ii) Patients with cardiovascular and cerebrovascular diseases; iii) Patients with severe organ failure; iv) Patients with mental illness; v) Patients with surgical intolerance; vi) Patients receiving no radiotherapy, chemotherapy and hormone therapy before surgery; vii) Patients with physical disabilities; viii) Pregnant patients and ix) Patients undergoing hospital transfer.

### Methods

A total of 74 patients with ovarian cancer were treated as the study group and 30 patients with benign ovarian tumor as the control group. Cancer tissues of patients in the two groups were obtained, and the expression of miR-26b (XWCPK3036; Xiamen Yanke Biotechnology Co., Ltd., Fujian, China) was measured by fluorescence reverse transcription-quantitative polymerase chain reaction (RT-qPCR). The miRNA in ovarian cancer tissues was separated and purified strictly according to the instructions of TRIzol RNA isolation kit (15596026; Chengdu Technology & Market Co., Ltd., Chengdu, China). The miRNA was determined under the sample with OD260/OD280 value of 1.8--2.0, and RNA was reverse transcribed to cDNA according to the specification of the reverse transcription kit (A0005; Shanghai HiFun Biotechnology Co., Ltd., Shanghai, China). At the end of the reaction, the cDNA sample was placed in a refrigerator as a template for the qPCR reaction and the qPCR primer sequence was synthesized by ThermoFisher Company, (Thermo Fisher Scientific, Inc., Waltham, MA, USA) ([Table I](#tI-ol-0-0-10117){ref-type="table"}). Reaction conditions: cDNA 1 µl, forward primer 0.4 µl, universal miRNA qPCR primer 0.4 µl, 2×TransStart Tip Green qPCR SuperMix 10 µl, passive reference dye (50×) (Optional) 0.4 µl, total volume 20 µl, complement with ddH~2~O to 20 µl. PCR reaction conditions: 40 cycles of predenaturation at 95°C for 5 min, denaturation at 90°C for 15 sec, annealing and elongation at 60°C for 30 sec. The relative expression of miR-26b was expressed by 2^−ΔΔCq^ ([@b16-ol-0-0-10117]). All tests were repeated 3 times to obtain the average value.

### Observation indicators

i\) Clinical data of patients in the two groups (such as age, tumor type and pathological stage); ii) The expression level of miR-26b of patients in the two groups; iii) Relationship between miR-26b and clinicopathology in patients with ovarian cancer; iv) The value of miR-26b in diagnosis of ovarian cancer; and v) The patients in the experimental group were followed up for 5 years (telephone, mail, hospital re-examination and door-to-door follow-up). The termination date and termination event were June 2018 and the patient\'s death or loss of contact. According to the median expression of miR-26b in the study group, the patients were divided into two groups: the miR-26b high-expression group and the miR-26b low-expression group. The 5-year survival in the two groups was recorded and compared.

### Statistical analysis

SPSS version 22.0 statistical software (Shanghai Yuchuang Network Technology Co., Ltd., Shanghai, China) was used to analyze and process the data. Enumeration data such as the patient\'s clinical data were expressed in the form of (rate) and Chi-square test was used for comparison among the groups. Measurement data such as the expression of miR-26b was expressed in the form of mean ± standard deviation. ANOVA was used for multigroup comparison with Dunnetts post hoc test, and t-test was used for comparison between the two groups. ROC curve was used to analyze the diagnostic value. The survival rate was calculated by the Kaplan-Meier method and compared by log-rank test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Comparison of clinical data

There was no significant difference in age, weight, course of disease, marital status, residence, smoking and exercise between the study and control groups (P\>0.050), which indicated that the two groups were comparable ([Table II](#tII-ol-0-0-10117){ref-type="table"}).

### Comparison of expression level of miR-26b

The expression level of miR-26b in the study group (0.28±0.07) was significantly lower than that in the control group (0.54±0.11) (P\<0.050; [Fig. 1](#f1-ol-0-0-10117){ref-type="fig"}).

### Analysis of correlation between miR-26b and clinicopathology of patients with ovarian cancer

There was no significant correlation between miR-26b expression and age, tumor type, exercise habit, smoking habit of patients with ovarian cancer (P\>0.050), but there was close correlation between miR-26b expression and lymph node metastasis, differentiation degree, pathological stage of patients with ovarian cancer (P\<0.001; [Table III](#tIII-ol-0-0-10117){ref-type="table"}).

### Value of miR-26b in diagnosis of ovarian cancer

ROC curve showed that the AUC was 0.839, and when the maximum cut-off value was 0.815, the sensitivity and specificity of miR-26b in diagnosing the ovary was 84.932% and 77.936%, respectively (P\<0.001; [Table IV](#tIV-ol-0-0-10117){ref-type="table"}, [Fig. 2](#f2-ol-0-0-10117){ref-type="fig"}).

### Prognostic survival

By June 2018, 72 patients in the study group were followed up successfully, with a success rate of 97.30%. According to the median expression of miR-26b in the study group, 0.28, the patients were divided into two groups: i) miR-26b, the high-expression group (miR-26b expression level \<0.28, n=39); and ii) miR-26b, the low-expression group (miR-26b expression level ≥0.28, n=33). The 5-year overall survival rate in the low-expression group (61.54%) was significantly lower than that in the high-expression group (84.85%) (P=0.028; [Fig. 3](#f3-ol-0-0-10117){ref-type="fig"}).

Discussion
==========

Ovarian cancer is the malignant tumor with the highest mortality rate in females at present. There is no obvious special symptom in the early stage, which is easy to be ignored or mishandled by the patients. Therefore, most of the patients have reached the middle and late stage at diagnosis, and most of the tumors have metastases and invasion at this time, which greatly increases the difficulty of treatment and makes the prognosis less optimistic ([@b17-ol-0-0-10117],[@b18-ol-0-0-10117]). At present, the pathogenesis of ovarian cancer is not clear, and there is no accurate and effective index for the diagnosis of early ovarian cancer ([@b19-ol-0-0-10117]). The effective biological index for diagnosis and treatment of ovarian cancer is a hot spot in clinical research at present and with the development of the research, and the discovery of micro-RNA provides a new direction for the modern target research of tumors ([@b20-ol-0-0-10117]). miRNA is a class of endogenous non-coding small molecules that occupy only 1--3% of the human genome sequence, with a length of 17--25 nucleotides ([@b21-ol-0-0-10117]). The incomplete pairing of the non-coding region at the 3′UTR end of its target gene can block the translation of the target gene mRNA and lead to apoptosis, proliferation, metastasis, differentiation and other vital activities with the cells involved in the regulation, which has been continuously proven to play an important role in various tumor diseases as a tumor promoter or tumor suppressor gene ([@b22-ol-0-0-10117],[@b23-ol-0-0-10117]).

miR-26 is composed of four highly conserved small molecules non-coding RNA with similar structures and sequences. miR-26b, a member of miR-26 family, is located on the 4th intron of chromosome 2 dipole CTDSP1, which can inhibit the proliferation and invasion of HCC cells by regulating the expression of EphA2 and c-Myc and has been proven to be abnormally expressed in many kinds of tumors ([@b23-ol-0-0-10117]--[@b26-ol-0-0-10117]). Its role in ovarian cancer has not yet been clarified. Therefore, the expression level of miR-26b in ovarian cancer and benign ovarian epithelial tumor was detected by RT-qPCR technique to explore the abnormal expression of miR-26b in ovarian cancer and its relationship with pathological status of ovarian cancer patients.

The results of this study showed that the expression level of miR-26b in the study group was significantly lower than that in the control group, which indicates that miR-26b is closely related to the occurrence and development of ovarian cancer and may be involved in the process of ovarian cancer as proto-oncogene. This is also consistent with the results of Liu *et al* ([@b27-ol-0-0-10117]), thus supporting this experiment. Further analysis of the differences of miR-26b in clinicopathology of ovarian cancer patients revealed that there was no significant correlation between miR-26b expression and age, tumor type, exercise habit, smoking habit of patients with ovarian cancer (P\>0.050), but there was a close correlation between miR-26b expression and pathological stage, differentiation degree, lymph node metastasis of patients with ovarian cancer, which suggests that miR-26b is closely related to the differentiation and proliferation of ovarian cancer cells and the degree of disease deterioration can be judged by detecting the expression level of miR-26b in patients. ROC curve showed that, when the maximum cut-off value was 0.815, the sensitivity and specificity of miR-26b in diagnosing the ovary was 84.932% and 77.936%, respectively, which shows that miR-26b has high diagnostic value and is expected to be an effective target for the future diagnosis of ovarian cancer. Comparison of prognostic 5-year survival between the miR-26b high-expression and miR-26b low-expression groups showed that the 5-year overall survival rate in the low-expression group was significantly lower than that in the high-expression group, which indicates that miR-26b is closely related to the prognosis of ovarian cancer patients and can be used as an effective biomarker for monitoring the prognosis of ovarian cancer patients.

At present, the diagnosis of ovarian cancer still needs to be confirmed by tissue biopsy that can cause great damage to the body and is still difficult for early diagnosis of ovarian cancer. Therefore, a convenient and effective biomarker is urgently needed to diagnose and treat ovarian cancer and miRNA is a substance that can be detected in serum, plasma, body fluids and tissues, so it has become a major focus of oncologists worldwide. In this study, miR-26b was confirmed to be an effective marker for the diagnosis and treatment of ovarian cancer. However, due to the limited experimental conditions, there are still some shortcomings. For example, the number of subjects is relatively small, and the mechanism of miR-26b in ovarian cancer is not clear, which needs further study.

In conclusion, miR-26b is under-expressed in ovary and has a close relationship with the pathological stage, differentiation degree, and lymph node metastasis of ovarian cancer, which indicates that miR-26b is involved in the occurrence and development of ovarian cancer and is expected to be an effective indicator for treatment and diagnosis of ovarian cancer and the prognosis of patients.
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###### 

Primer sequences.

  Reverse/Forward   miR-26b                        U6
  ----------------- ------------------------------ ----------------------------
  Reverse           5′-CAAAGGTCCATAGCAAGGGT-3′     5′-CTCGCTTCGGCAGCACA-3′
  Forward           5′-GCGACCTTGTCATGGTTTATAG-3′   5′-AACGCTTCACGAATTTGCGT-3′

###### 

Comparison of clinical data \[n (%)\].

  Variables                  Study group (n=74)   Control group (n=30)   χ^2^ or t-test   P-value
  -------------------------- -------------------- ---------------------- ---------------- ---------
  Age                        49.42±9.68             48.77±10.24          0.305            0.761
  Weight (kg)                59.67±7.64           60.31±8.15             0.380            0.705
  Course of disease (week)     3.74±1.04            3.92±0.86            0.838            0.404
  Marital status                                                         0.316            0.574
    Married                  69 (93.24)           27 (90.00)                              
    Unmarried                5 (6.76)               3 (10.00)                             
  Residence                                                              0.152            0.697
    Urban                    54 (72.97)           23 (76.67)                              
    Rural                    20 (27.03)             7 (23.33)                             
  Smoking                                                                0.218            0.641
    Yes                      48 (64.86)             18 (60.00)                            
    No                       26 (35.14)           12 (40.00)                              
  Exercise habit                                                         0.203            0.652
    Yes                      19 (25.68)             9 (30.00)                             
    No                       55 (74.32)             21 (70.00)                            

###### 

Analysis of correlation between miR-26b and clinicopathology of patients with ovarian cancer in the study group.

  Variables                     n    miR-26b level   t or F   P-value
  ----------------------------- ---- --------------- -------- ---------
  Age (years)                                        0.667    0.507
    \>49                        45   0.24±0.14                
    ≤49                         29   0.26±0.10                
  Lymph node metastasis                              10.862   \<0.001
    Yes                         27   0.12±0.06                
    No                          47   0.35±0.10                
  Tumor type                                         0.527    0.600
    Serous                      49   0.27±0.07                
    Non-serous                  25   0.26±0.09                
  Differentiation degree                             35.942   \<0.001
    Well-differentiated         19   0.38±0.10                
    Moderately differentiated   24   0.22±0.08                
    Poorly differentiated       31   0.10±0.14                
  Pathological stage                                 14.453   \<0.001
    Stage I--II                 32   0.35±0.04                
    Stage III--IV               42   0.15±0.07                
  Exercise habit                                     0.517    0.607
    Yes                         19   0.25±0.08                
    No                          55   0.24±0.07                
  Smoking                                            0.878    0.383
    Yes                         48   0.26±0.09                
    No                          26   0.24±0.10                

###### 

Value of miR-26b in diagnosis of ovarian cancer.

  Indicators                Value
  ------------------------- --------------
  Sensitivity               84.932%
  Specificity               77.936%
  Cut-off                   0.815
  R                         1.511
  95% Confidence interval   1.045--2.185
  Area under curve          0.839
  P                         0.028
